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(57) ABSTRACT 

The present invention relates to a method of producing the 
fluoropolymer according to any one of claims 1 to 3, by 
Subjecting a fluoropolymer precursor containing acid/acid 
salt groups and having —CFCOOX groups at polymer 
chain terminals, in the formula X represents H, 
NR'R'R'R' or M. R', R, R and R'' are the same 
or different and each represents H or an alkyl group con 
taining 1 to 4 carbonatoms and M represents a metal having 
a valence of L, said metal having a Valence of L being a 
metal belonging to the group 1, 2, 4, 8, 11, 12 or 13 of the 
long-form periodic table, to heat treatment for the conver 
sion of said —CFCOOX groups to —CFH groups, X 
being as defined above, wherein said fluoropolymer precur 
sor is one obtained by polymerizing a perhalovinyl ether 
derivative represented by the general formula (I): 

CF=CF O-(CFCFY O), (CFY), SOZ (I) 
wherein Y' represents F. C1 or a perfluoroalkyl group, in 
represents an integer of 0 to 3, the natoms/groups of Y are 
the same or different, Y represents For Cl, m represents an 
integer of 1 to 5, them atoms of Y are the same or different 
and Z represents F, Cl, Br, I. —OM or 
–ONR'R'R'R'': M represents a metal having a 
Valence of L and the metal having a valence of L is as 
defined above, and R. R. R'' and R' are the same or 
different and each represents H or an alkyl group containing 
1 to 4 carbon atoms, 

when the group —SOZ in the general formula (I) is not said 
acid/acid salt group but is a group convertible to Such 
acid/acid salt group, said fluoropolymer precursor is one 
Subjected to a conversion treatment, after the above-men 
tioned polymerization, for the conversion of said group 
—SOZ to the above-mentioned acid/acid salt group, and 
said heat treatment comprises heating said fluoropolymer 
precursor at 120 to 400° C. 
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FLUOROPOLYMER, PROCESS FOR PRODUCING 
FLUOROPOLYMER, ELECTROLYTE FILM, 
OBJECT HAVING MIMOBILIZED ACTIVE 

SUBSTANCE, AND SOLID POLYMER 
ELECTROLYTE TYPE FUEL CELL 

TECHNICAL FIELD 

0001. The present invention relates to a fluoropolymer, a 
method of fluoropolymer production, an electrolyte mem 
brane, an immobilized active Substance material, a mem 
brane-electrode assembly and a solid polymer electrolyte 
fuel cell. 

BACKGROUND ART 

0002. It is known that unstable terminal groups occurring 
in a fluoropolymer cause not only foaming in the step of melt 
molding but also deterioration of the moldings manufactured 
from the fluoropolymer. 
0003 Typical unstable fluoropolymer terminal groups are 
carboxyl groups among others, and a method of stabilizing 
the same is known which comprises converting them into 
—CF, groups using a fluorinating agent (cf. e.g. Patent 
Document 1: Japanese Kokoku Publication S46-23245). 
However, this method has certain problems; fluorine gas is 
to be used, an expensive corrosion-resistant apparatus is 
required, and a rise in expenditure results. 
0004 Another method of stabilizing carboxyl groups is 
known which comprises causing a -COOH-containing 
fluoropolymer to undergo decarboxylation in the presence of 
not more than 2% by mass of water for conversion to a more 
stable —CFH-containing fluoropolymer (cf. e.g. Patent 
Document 2: Japanese Kokoku Publication S37-3127). This 
document, however, gives no description of or suggestion 
about the hygroscopicity of a fluoropolymer having Such 
specific functional groups as Sulfonic acid groups. 

DISCLOSURE OF INVENTION 

Problems which the Invention is to Solve 

0005. In view of the above-mentioned state of the art, it 
is an object of the present invention to provide a fluoropoly 
mer improved in stability and a simple method of obtaining 
Such fluoropolymer. 

Means for Solving the Problems 

0006 The present invention relates to a fluoropolymer 
containing acid/acid salt groups and having —CFH groups 
at polymer chain terminals, 
0007 wherein said acid/acid salt groups are sulfonic acid 
groups, SONR'R', SONRRRR, SOM', 
phosphoric acid groups, PO,(NR'R'R'R''), and/or 
—POM, in the formula R' represents H or M. R. 
represents H. M.L., an alkyl group or a sulfonyl-containing 
group, R. R. R. R. R. R. R. and R'' are the same or 
different and each represents H or an alkyl group containing 
1 to 4 carbon atoms, M', M. M. and M7 are the same or 
different and each represents a metal having a valence of L. 
said metal having a valence of L being a metal belonging to 
the group 1, 2, 4, 8, 11, 12 or 13 of the long-form periodic 
table. 
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0008. The present invention relates to a method of pro 
ducing the fluoropolymer mentioned above, by Subjecting a 
fluoropolymer precursor containing acid/acid salt groups 
and having—CFCOOXgroups at polymer chain terminals, 
in the formula X represents H, NR'R'R'R'' or M: 
R'', R', R'' and R'' are the same or different and each 
represents H or an alkyl group containing 1 to 4 carbon 
atoms and M represents a metal having a valence of L, said 
metal having a Valence of L being as defined above, to heat 
treatment for the conversion of said —CFCOOX groups to 
—CFH groups, X being as defined above, 
0009 wherein said fluoropolymer precursor is one 
obtained by polymerizing a perhalovinyl ether derivative 
represented by the general formula (I): 

CF=CF O-(CFCFY ), (CFY), SOZ (I) 
wherein Y' represents F, C1 or a perfluoroalkyl group, in 
represents an integer of 0 to 3, the natoms/groups of Y are 
the same or different, Y represents For C1, m represents an 
integer of 1 to 5, them atoms of Y are the same or different 
and Z represents F, Cl, Br, I. —OM or 
–ONR'R'R'R'': M represents a metal having a 
Valence of L and the metal having a valence of L is as 
defined above, and R', R', R7 and R' are the same or 
different and each represents H or an alkyl group containing 
1 to 4 carbon atoms, 

0010 when the group —SOZ in the general formula (I) 
is not said acid/acid salt group but is a group convertible to 
Such acid/acid salt group, said fluoropolymer precursor is 
one Subjected to a conversion treatment, after the above 
mentioned polymerization, for the conversion of said group 
—SOZ to the above-mentioned acid/acid salt group, and 
said heat treatment comprises heating said fluoropolymer 
precursor at 120 to 400° C. 

0011. The present invention relates to an electrolyte 
membrane comprising the fluoropolymer mentioned above. 

0012. The present invention relates to an immobilized 
active Substance material comprising the fluoropolymer 
mentioned above and an active Substance. 

0013 The present invention relates to a membrane-elec 
trode assembly comprising the immobilized active Sub 
stance material mentioned above. 

0014. The present invention relates to a solid polymer 
electrolyte fuel cell comprising the membrane-electrode 
assembly mentioned above. 

0015 The present invention relates to a solid polymer 
electrolyte fuel cell comprising the electrolyte membrane 
mentioned above. 

0016 
detail. 

In the following, the invention is described in 

0017. The fluoropolymer of the invention contains acid/ 
acid salt groups and has —CFH groups at polymer chain 
terminals. 

0018. The above phrase “polymer chain terminal means 
"polymer main chain terminal'. 

0019. The fluoropolymer of the invention may be any one 
containing acid/acid salt groups and having —CFH groups 
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at main chain terminals, but not exclusion of one having 
—CFH groups not only at main chain terminals but also at 
side chain terminals. 

0020. The above-mentioned fluoropolymer preferably 
has a content (mmol) of CFH groups, per kilogram of the 
polymer, of 0.3 to 22 mmol/kg, more preferably 0.5 to 18 
mmol/kg. 

0021 When the fluoropolymer has a CFH content 
within the above range, a Fenton's reagent-based Stability 
test, which is to be described later herein, generally gives a 
fluoride ion concentration of not higher than 12 ppm, 
preferably not higher than 10 ppm. 
0022. In the present specification, when polymer side 
chain terminals are referred to, the term “polymer side chain 
terminals is used and, by merely saying "polymer chain 
terminals, it is meant that polymer main chain terminals are 
referred to. 

0023 The fluoropolymer of the invention is preferably a 
perfluoropolymer. 
0024. The acid/acid salt groups can be classified into acid 
groups and acid salt groups. 
0.025 The acid groups each is a sulfonic acid group, 
—SONHR' or a phosphoric acid group. 
0026. The above symbol R' represents H, an alkyl group 
or a Sulfonyl-containing group. 
0027. The alkyl group is not particularly restricted but 
includes alkyl groups containing 1 to 4 carbon atoms, for 
example methyl and ethyl. The alkyl group may be one in 
which one or more H atoms are substituted by one or more 
F, Cl, Br and/or I atoms. 
0028. The sulfonyl-containing group is a sulfonyl group 
containing fluoroalkyl group, for example a fluoroalkylsul 
fonyl group, which may optionally contain a terminal Sub 
stituent(s). The fluoroalkylsulfonyl group is, for example, 
—SO'R'Z' (in which R' represents a fluoroalkylene group 
and Z represents an organic group). The organic group is, 
for example. —SOF, and the fluoroalkylsulfonyl group may 
be such an indefinite number of repetitions as 
—SO(NR'SORSO)NR'SO - (in which k repre 
sents an integer of not smaller than 1 and R represents a 
fluoroalkylene group) Or, for example, 
—SO(NR'SORSO)NR'SOF (in which k is an inte 
ger of not smaller than 1 but not greater than 100 and R'' and 
R" are as defined above). 
0029. The above-mentioned acid salt groups are 

- SONRRRR, SOM', -SONMR, PO, 
(NR7RRR), and/or POM. 
0030) The symbols R. R. R. R. R. R. Rand R'' are 
the same or different and each represents Horan alkyl group 
containing 1 to 4 carbonatoms. The symbol R represents H, 
M", an alkyl group or a sulfonyl-containing group. The 
symbols M', M', M and M7 are the same or different and 
each represents a metal having a valence of L. The metal 
having a valence of L is a metal belonging to the group 1. 
2, 4, 8, 11, 12 or 13 of the long-form periodic table. 
0031. The above-mentioned acid/acid salt groups are 
preferably sulfonic acid groups, -SONRRRR and/or 
—SOM' (in which R. R. R. R. and M are as defined 
above). 
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0032. The above-mentioned fluoropolymer preferably 
contains the acid/acid salt groups mentioned above in an 
amount of not smaller than 0.1 millieduivalent/g but not 
greater than 2.5 millieduivalents/g, more preferably not 
smaller than 0.5 milliequivalent/g but not greater than 2 
millieduivalents/g, although that amount is not particularly 
restricted. 

0033. The above-mentioned fluoropolymer is preferably 
one obtained by Subjecting a fluoropolymer precursor to heat 
treatment. The fluoropolymer precursor contains the above 
mentioned acid/acid salt groups and has —CFCOOX 
groups (in which X represents H, NR'R''R'R'' or M: 
R'', R', R'' and R'' are the same or different and each 
represents H or an alkyl group containing 1 to 4 carbon 
atoms and M represents a metal having a valence of L, the 
metal having a valence of L being as mentioned above) at 
polymer chain terminals. The heat treatment is not particu 
larly restricted but may be one effective in converting the 
above-mentioned —CFCOOX (X being as defined above) 
to —CFH, for example the method to be described later 
herein. 

0034. The above-mentioned fluoropolymer precursor 
preferably has a content (mmol) of CFCOOX groups at 
polymer chain terminals, of 0.3 to 22 mmol/kg per kilogram 
of the polymer. A more preferred lower limit to the content 
of—CFCOOX groups at polymer chain terminals is 0.5, a 
still more preferred lower limit thereto is 1, and a more 
preferred upper limit thereto is 18. 
0035. The fluoropolymer of the invention generally has 
—CFH groups resulting from conversion of the 
—CFCOOX groups upon the above-mentioned heat treat 
ment. The percentage of the above-mentioned conversion is 
the value calculated according to the equation: 

Conversion rate (%)={1-(I/Io)x100 
where I is the CFCOOX peak intensity before heat 
treatment and I is the CFCOOX peak intensity after heat 
treatment, with an IR spectrum of a polymer having no 
—CFCOOX terminal as prepared separately being used as 
a Zero standard for peak intensity comparison between the 
spectra before and after heat treatment according to the 
method of producing a fluoropolymer of the invention. The 
conversion rate is preferably not lower than 60%, more 
preferably not lower than 80%, still more preferably not 
lower than 90%. 

0036). When the conversion rate is 60% or above, fluo 
ropolymers having a content (mmol) of —CFH groups of 
0.18 to 13.2 mmol/kg per kilogram of the polymer are 
obtained. When the above-mentioned conversion rate is 
60% or above with respect to the fluoropolymer precursor 
before heat treatment, a preferred lower limit to the content 
of—CFH groups at polymer chain terminals is 0.5, a more 
preferred lower limit is 1, and a preferred upper limit is 18 
(mmol/kg). 
0037. In the practice of the invention, the fluoropolymer 
precursor is preferably one obtained by polymerizing a 
perhalovinyl ether derivative represented by the general 
formula (I): 

CF=CF O-(CFCFY O ) (CFY2). 
SO-Z (I) 

wherein Y' represents F. C1 or a perfluoroalkyl group, in 
represents an integer of 0 to 3, the natoms/groups of Y may 
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be the same or different, Y represents For C1, m represents 
an integer of 1 to 5, them atoms of Y may be the same or 
different and Z represents F, Cl, Br, I, —OM or 
–ONR'R'R''R'; M represents a metal having a 
Valence of L and the metal having a valence of L is as 
defined above, and R. R. R7 and R'' are the same or 
different and each represents H or an alkyl group containing 
1 to 4 carbon atoms. 

0038. The fluoropolymer precursor may be an acid salt 
type group-containing polymer resulting from conversion, 
by hydrolysis treatment, of a polymer containing groups 
other than the above-mentioned acid/acid salt group but 
convertible to the acid/acid salt groups, for example in the 
case where Z in —SOZ in the above general formula (I) is 
F, Cl, Br or I or in the case where the polymer contains 
—SONR'R' groups (in which R’ and R are the same 
or different and each represents an alkyl group or a Sulfonyl 
containing group). The above-mentioned fluoropolymer pre 
cursor may also be a polymer obtained by Subjecting a 
polymer containing groups (hereinafter, “first groups') fall 
ing under the above-defined class of acid/acid salt groups to 
hydrolysis treatment and/or acid treatment to convert the 
first groups to groups (hereinafter, 'second groups') also 
falling under the class of acid/acid salt groups but differing 
from the above-mentioned first groups. The conversion of 
the first groups to the second groups includes, among others, 
the conversion of the species of the acid salt group-consti 
tuting metal having a valence of L to another species, the 
conversion of acid groups to acid salt groups, and the 
conversion of acid salt groups to acid groups. 

0.039 When the group —SOZ in the above general 
formula (I) is not the above-mentioned acid/acid salt group, 
the fluoropolymer precursor mentioned above is one result 
ing from Some acid/acid salt group conversion treatment, 
after the above-mentioned polymerization, for the conver 
sion of the above-mentioned —SOZ to the above-men 
tioned acid/acid salt group. 
0040. By saying “the group —SOZ in the general for 
mula (I) is not the above-mentioned acid/acid salt group' 
herein, it is meant that the group —SOZ in the above 
general formula (I) is different in kind from the acid/acid salt 
group which the fluoropolymer of the invention as obtained 
by Subjecting the fluoropolymer precursor having that 
—SOZ group to heat treatment has. In case the -SO2 
group in the above general formula (I) is not the acid/acid 
salt group intended to be owned by the fluoropolymer, it 
becomes necessary to convert this —SOZ to the desired 
acid/acid salt group after polymerization of the perhalovinyl 
ether derivative mentioned above prior to the heat treatment 
mentioned above, since that heat treatment will not trans 
form the acid/acid salt group. 

0041. The acid/acid salt group conversion treatment men 
tioned above is not particularly restricted but may be any 
treatment provided that it can convert the SOZ in the 
above general formula (I) to the desired acid/acid salt group 
mentioned above. As for the acid/acid salt group conversion 
treatment, when Z in —SOZ in the above general formula 
(I) is F, Cl, Br or I, there may be mentioned, for example, the 
hydrolysis treatment for converting the above-mentioned 
—SOZ to an acid/acid salt group. When Z in —SOZ in the 
above general formula (I) is —OM or 
ONR'R'R''R' (in which M. R', R, R7, and Rare 

Jun. 21, 2007 

as defined above; in this paragraph, the same also shall 
apply), the above-mentioned acid/acid salt group conversion 
treatment may also be a treatment for converting the above 
mentioned Mor—NR'R'R''R' to another species in 
the category of M, or -NR'R'R''R' or, when Z in 
—SOZ in the above general formula (I) is —OM or 
–ONR'R'R'R'', it may be an acid treatment for con 
verting the above-mentioned —SOZ to —SOH. 
0042. Further, —SOZ in the above general formula (I) 
can be converted to -SO2NR'R' (in which R' and Rare as 
defined above) by reacting with NHR'R', for instance. 
0043. The method of producing a fluoropolymer of the 
invention is a method of producing a fluoropolymer by 
Subjecting a fluoropolymer precursor containing acid/acid 
salt groups and having —CFCOOX (in which X represents 
H, NR'R'R'R' or M. R'', R, R and R'' are the 
same or different and each represents H or an alkyl group 
containing 1 to 4 carbon atoms and M represents a metal 
having a valence of L, the metal having a valence of L being 
as defined above) groups at polymer chain terminals to heat 
treatment for the conversion of the CFCOOX (X being as 
defined above) groups to —CFH groups (hereinafter such 
conversion is sometimes referred to as “terminal group 
conversion'). 

0044) The above-mentioned group —CFH is a very 
stable group as compared with —CFCOOX groups (X 
being as defined above) and, in ordinary fields of application 
of the fluoropolymer obtained, for example in the fields of 
use in which the fluoropolymer is heated at high tempera 
tures, it remains still stable. 
0045. The method of producing a fluoropolymer of the 
invention consists in Stabilizing polymer chain terminals by 
heat treatment and, therefore, is Superior to the conventional 
fluorination treatment of polymer chain terminals in that the 
fluorination equipment required in the art is no more nec 
essary and in that those side reactions possibly occurring in 
fluorination treatment are no more encountered. The “fluo 
rination treatment” so referred to herein is a treatment 
carried out under feeding of a fluorine source from outside 
the system for fluorinating thermally unstable groups such as 
COOX. 

0046. In the method of producing a fluoropolymer of the 
invention, the fluoropolymer precursor is one obtained by 
polymerizing a perhalovinyl ether derivative of the general 
formula (I) given above. In the general formula (I), Y is 
preferably F, n is preferably 0 or 1, and m is preferably 2 or 
3 and, more preferably, n is 0 and m is 2. 
0047 The fluoropolymer precursor is preferably an at 
least binary copolymer obtained by polymerizing the above 
mentioned perhalovinyl ether derivative and a monomer 
copolymerizable with the perhalovinyl ether derivative. 
0048. The monomer copolymerizable with the perhalovi 
nyl ether derivative is, for example, an ethylenic fluo 
romonomer. The ethylenic fluoropolymer is not particularly 
restricted but may be any one having a vinyl group and 
containing fluorine atoms in lieu of all carbon-bound hydro 
gen atoms. It is different from the above-mentioned perha 
lovinyl ether derivative, however. 
0049. The ethylenic fluoromonomer includes, among 
others, haloethylenic monomers represented by the general 
formula: 
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wherein R represents a fluorine or chlorine atom, -R or 
—OR in which R, represents a straight or branched 
fluoroalkyl group containing 1 to 9 carbon atoms and 
optionally containing an ether oxygen atom or atoms, and 
hydrogen-containing fluoroethylenic monomers represented 
by the general formula: 

CHY CFY 

wherein Y represents Hora fluorine atom and Y' represents 
H, a fluorine or chlorine atom, R, or —OR. R. repre 
sents a straight or branched fluoroalkyl group containing 1 
to 9 carbon atoms and optionally containing an ether oxygen 
atOn Or atOmS. 

0050 Preferred as the ethylenic fluoromonomer are 
CF=CF, CH=CF, CF=CFC1, CF=CFH, 
CH=CFH, CF=CFCF and/or fluorovinyl ethers repre 
sented by CF=CF O R. R. represents a fluoroalkyl 
group containing 1 to 9 carbon atoms or a fluoropolyether 
group containing 1 to 9 carbon atoms. The fluorovinyl ethers 
are preferably those in which R, is a perfluoroalkyl group 
containing 1 to 3 carbon atoms. 
0051. The ethylenic fluoromonomer is preferably a per 
haloethylenic monomer, in particular a perfluoroethylenic 
monomer, and more preferably is CF=CF. Either one 
single species or a combination of two or more species of the 
ethylenic fluoromonomer can be used. 
0.052 The fluoropolymer precursor may also be one 
obtained by further subjecting another copolymerizable 
monomer, in addition to the ethylenic fluoromonomer men 
tioned above, to polymerization to provide the fluoropoly 
mer with various functions at usage levels at which the 
fundamental performance characteristics of the fluoropoly 
mer will not be adversely affected. The other copolymeriz 
able monomer is not particularly restricted but may be 
appropriately selected from among copolymerizable mono 
mers according to the intended purpose of introduction, for 
example, polymerization rate control, polymer composition 
control, elasticity modulus and other mechanical physical 
properties control and/or crosslinking site introduction. 
Mention may be made of a monomer having two or more 
unsaturated bonds, for example a perfluorodivinyl ether, and 
a cyano group-containing monomer, among others. 
0053. The above-mentioned fluoropolymer precursor 
preferably has a perhalovinyl ether derivative unit content of 
5 to 40 mole percent. At levels lower than 5 mole percent, 
the fluoropolymer obtained may show decreased perfor 
mance characteristics as an electrolyte in Some instances 
and, at levels exceeding 40 mole percent, the membrane 
shaped moldings made of the fluoropolymer obtained may 
become unsatisfactory in mechanical strength in certain 
cases. A more preferred lower limit is 8 mole percent, and a 
more preferred upper limit is 35 mole percent. In cases 
where the fluoropolymer of the invention has a higher 
Sulfonic acid group concentration on the fluoropolymer 
particle surface than in the fluoropolymer particle inside, the 
perhalovinyl ether derivative unit content on the fluoropoly 
mer particle Surface is required to be within the range 
mentioned above. 

0054) The term “perhalovinyl ether derivative unit” as 
used herein means a segment derived from the perhalovinyl 
ether derivative and constituting a part of the molecular 
structure of the fluoropolymer precursor. The “perhalovinyl 
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ether derivative unit content” so referred to herein is the 
proportion of the number of moles of the perhalovinyl ether 
derivative from which the perhalovinyl ether derivative units 
are derived to the number of moles of the monomers from 
which all the monomer units in the fluoropolymer precursor 
molecule are derived. The “all monomer units’ include all 
segments derived from the monomers constituting the 
molecular structure of the fluoropolymer precursor. The 
"monomers from which all the monomer units are derived 
therefore correspond to the total amount of the monomers 
that have participated in constituting the fluoropolymer 
precursor. The perhalovinyl ether derivative unit content is 
the value obtained by infrared absorption spectrometry IR 
or by molten-state NMR spectrometry at 300° C. 
0055. In producing the fluoropolymer precursor by poly 
merization, Such conventional methods of polymerization, 
for example, emulsion polymerization, Suspension polymer 
ization, bulk polymerization and solution polymerization, 
can be employed. Among them, emulsion polymerization 
and solution polymerization are preferably used. When the 
fluoropolymer precursor is one obtained by emulsion poly 
merization or solution polymerization, it generally has 
—CFCOOX groups (X being as defined above) at polymer 
chain terminals and, therefore, the method of producing a 
fluoropolymer of the invention can be advantageous applied 
thereto. 

0056. The fluoropolymer precursor mentioned above 
may constitute a powder, dispersion, Solution or membrane 
shaped moldings. 

0057. In accordance with the method of producing a 
fluoropolymer of the invention, the fluoropolymer precursor 
preferably constituting Such a powder, dispersion, Solution 
or membrane-shaped moldings as mentioned above is Sub 
jected to heat treatment to convert the above-mentioned 
—CFCOOX (X being as defined above) groups to —CF.H 
groups. Generally, this heat treatment neither transforms the 
above-mentioned acid/acid salt groups nor causes any 
change in the morphology of the powder, dispersion, Solu 
tion or membrane-shaped moldings. 
0058. The fluoropolymer precursor powder may be a 
powder of the polymer obtained by polymerizing the above 
mentioned perhalovinyl ether derivative and, when this 
polymer is a polymer having groups other than the above 
mentioned acid/acid salt groups but convertible to the acid/ 
acid salt groups, for example when Z in —SOZ is F, Cl, Br 
or I, it is converted to a fluoropolymer precursor by sub 
jecting the same to the hydrolysis treatment to be described 
later herein for the conversion to the above-mentioned 
acid/acid salt groups such as -SOM'? or 
SONRRRR (M', L, R, R, R and R being as 

defined above). When the polymerization of the perhalovi 
nyl ether derivative is carried out in the manner of emulsion 
polymerization, the above-mentioned powder is, for 
example, one obtained from the liquid just after polymer 
ization by an appropriate coagulation procedure and purifi 
cation procedure and, in the case of solution polymerization, 
it is, for example, one obtained by removing the reaction 
solvent used by a conventional method, followed by an 
appropriate purification procedure. 
0059. The fluoropolymer precursor dispersion may be an 
emulsion polymerization liquid containing the polymer 
obtained by polymerizing the perhalovinyl ether derivative, 
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or it may be one obtained by dispersing the powder men 
tioned above in an appropriate dispersion medium. When the 
polymer is a polymer having groups other than the above 
mentioned acid/acid salt groups but convertible to the acid/ 
acid salt groups, for example when Z in —SOZ is F, Cl, Br 
or I, it is converted to a fluoropolymer precursor by sub 
jecting the same to the hydrolysis treatment to be described 
later herein for the conversion to the above-mentioned 
acid/acid salt groups such as -SOM'? or 
SONRRRR (M', L, R, R, R and R being as 

defined above). 
0060. The fluoropolymer precursor solution is one 
obtained by dissolving the powder mentioned above in an 
appropriate liquid medium by the method disclosed in 
Japanese Kohyo Publication 2001-504872 or U.S. Pat. No. 
4.433,082, for instance. The liquid medium is, for example, 
a waterfisopropyl alcohol mixed solvent, and the Solution 
mentioned above can be obtained by heating in this mixed 
Solvent at 230 to 250° C. 

0061 The reduced viscosity of the above-mentioned 
Solution increases as the concentration decreases, whereas 
the dispersion shows no Such changes in reduced viscosity 
and, in this respect, can be distinguished from the solution. 
0062) The above-mentioned solution contains rod-form 
minute resin particles of the fluoropolymer precursor with an 
aspect ratio of about 5, whereas the fluoropolymer precursor 
particles contained in the dispersion comprise spherical 
particles with an average particle diameter of about 10 nm. 
In this respect, too, they are distinguishable from each other. 
0063. The membrane-shaped moldings made of the fluo 
ropolymer precursor mentioned above may be ones obtained 
by membrane formation under melting using the above 
mentioned powder or by pressure molding using the method 
described in Japanese Kokai Publication S58-37031, for 
instance, or membrane-shaped ones produced by membrane 
casting using the above-mentioned dispersion or solution. 
When the membrane-shaped moldings are ones produced by 
membrane formation under melting using a powder of a 
polymer having groups other than the above-mentioned 
acid/acid salt groups but convertible to the acid/acid salt 
groups, for example when Z in SOZ is F, Cl, Br or I, the 
polymer is converted to a fluoropolymer precursor by Sub 
jecting the moldings to the hydrolysis treatment to be 
described later herein, if desired followed by acid treatment, 
for the conversion to the above-mentioned acid/acid salt 
groups such as - SOM'? or -SONRRRR (M', L, 
R. R. R and R being as defined above). 
0064. The fluoropolymer precursor mentioned above 
may also be one obtained by hydrolysis treatment/acid 
treatment further followed by treatment for removing low 
molecular-weight Substances (hereinafter sometimes 
referred to as "low-molecular-weight Substance removing 
treatment'). The low-molecular-weight substances are, for 
example, monomers remaining after the emulsion polymer 
ization mentioned above, polymerization initiator residues, 
unnecessary low-molecular-weight polymers, products 
formed upon hydrolysis treatment of the fluoropolymer 
precursor, and so forth. When residues of the emulsifier used 
in emulsion polymerization are present, these can also be 
removed. 

0065. The low-molecular-weight substance removing 
treatment is not particularly restricted but may be, for 
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example, a centrifugation method, electrophoretic method or 
ultrafiltration method. The ultrafiltration method is prefer 
ably used, however. 
0066. The ultrafiltration method is not particularly 
restricted but may be any method using an ultrafiltration 
apparatus having an ultrafiltration membrane for the 
removal of low-molecular-weight substances. Thus, for 
example, mention may be made of the centrifugal ultrafil 
tration method and circulating ultrafiltration method. Suit 
ably usable as the ultrafiltration membrane-equipped ultra 
filtration apparatus are commercially available ones, for 
example Such ones for laboratory use as Centriprep (trade 
mark, product of Amicon), Militan (trademark, product of 
Millipore) and Pericon (trademark, product of Millipore). 
The ultrafiltration process mentioned above can also serve to 
concentrate the fluoropolymer precursor obtained. 
0067. The low-molecular-weight substance removing 
treatment may be carried out after the above-mentioned 
hydrolysis treatment or, when an acid treatment is further 
carried out after the hydrolysis treatment, the treatment in 
question may be carried out before the acid treatment. 

0068. The conversion of CFCOOX (X being as 
defined above) to —CFH by the above-mentioned heat 
treatment presumably proceeds according to the following 
reaction formula: 

- CFCOOX-> CF--> CF2H 

0069. In the above reaction formula, the source of supply 
of the proton H" for the addition to —CF is not particu 
larly restricted but generally is HO occurring in the envi 
ronment Surrounding the fluoropolymer precursor. There 
fore, the heat treatment mentioned above is generally carried 
out in the presence of HO. The “HO', so referred to herein, 
which is generally caused to be present in carrying out the 
heat treatment, means HO on the molecule level. The 
“HO of course constitutes “water which is macroscopic 
in the sense that it can be recognized by the eye. However, 
it is not always necessary to be such macroscopic “water if 
it is present at least on the molecule level. In the present 
specification, the above-mentioned macroscopic “water is 
sometimes referred to merely as “water or as "moisture'. 
0070 When the above-mentioned fluoropolymer precur 
Sor constitutes an aqueous dispersion liquid as the disper 
Sion, the H2O generally caused to be present in the above 
mentioned heat treatment can be Supplied from the aqueous 
medium in this aqueous dispersion liquid. When the fluo 
ropolymer precursor constitutes a powder or a membrane, 
the HO can be supplied by the moisture absorbed by the 
acid/acid salt groups which the fluoropolymer precursor has 
and, therefore, it is not necessary to add water from outside 
the system. 

0071. When the fluoropolymer precursor constitutes a 
dispersion or Solution, it is necessary to carry out the 
acid/acid salt groups heating at a temperature not lower than 
the boiling point of water; therefore, it is generally prefer 
able that the heat treatment be carried out in a closed 
autoclave under pressurization. 

0072 The time required for the above heat treatment can 
be properly selected according to the kind of the acid/acid 
salt groups which the fluoropolymer precursor has, whether 
the fluoropolymer precursor occurs as a powder, dispersion, 
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Solution or membrane-shaped molding, the affinity of the 
fluoropolymer precursor for the solvent, and the heat treat 
ment temperature, among others. 
0073. The fluoropolymer precursor is preferably consti 
tutes membrane-shaped moldings. When the fluoropolymer 
precursor constitutes membrane-shaped moldings, the mem 
brane-shaped moldings after the above-mentioned heat 
treatment can be directly used when they are to be used in 
the form of membranes. 

0074 The above-mentioned heat treatment can convert 
—CFCOOX (X being as defined above) to —CFH and, in 
carrying out the method of producing a fluoropolymer of the 
invention, the fluoropolymer precursor is preferably heated 
at 120 to 400° C. At lower than 120° C., the decarboxylation 
reaction can hardly proceed in some cases and, at above 
400° C., the polymer main chain itself may be decomposed 
in certain instances. A preferred upper limit to the heat 
treatment temperature is 350° C., and a more preferred upper 
limit thereto is 300° C. 

0075. The above heat treatment can also be carried out by 
heating the fluoropolymer precursor in the presence of water 
or an organic solvent having affinity for water at 120 to 250° 
C., more preferably by heating at 120 to 220°C., still more 
preferably at 120 to 200° C. The “water, so referred to 
herein, which is caused to be present in the above-mentioned 
heat treatment, is not HO on the molecule level but mac 
roscopic water, including, for example, moisture absorbed 
by the acid/acid salt groups, as mentioned hereinabove. 
0.076 The decarboxylation temperature can be lowered in 
the presence of an organic solvent having affinity for water. 
In particular, when the fluoropolymer precursor constitutes 
membrane-shaped moldings, the moldings may be deformed 
at elevated temperatures and, therefore, a high-boiling 
organic solvent such as a phosphate ester is preferably 
caused to coexist to thereby lower the treatment temperature 
and maintain the dimensional stability. 
0077. The decarboxylation reaction proceeds at a suffi 
ciently high rate in the presence of an organic solvent having 
affinity for water. Therefore, even if the heat treatment is 
carried out at a temperature equal to or higher than the 
boiling point of the organic solvent, the terminal group 
conversion can be finished before exhaustion of the organic 
Solvent by evaporation. 
0078. As far as the conventional method of stabilizing 
polymer chain terminal carboxyl groups by heating a fluo 
ropolymer having side chain terminal —SOF groups at 
200° C. or above is concerned, it is not known in the art that 
the addition of water becomes unnecessary owing to the 
presence of the above-mentioned acid/acid salt groups. 
0079 The above-mentioned organic solvent having affin 
ity for water is preferably a polar solvent, more preferably 
a polar solvent having a boiling point exceeding 100° C. but 
not exceeding 300° C. The organic solvent having affinity 
for water is not particularly restricted but may be any of 
those having polarity and having a boiling point exceeding 
100° C. but not exceeding 300° C., such as phosphate esters, 
cyclic amides or cyclic amide derivatives, imidazolidine or 
imidazolidine derivatives, ethylene oxide oligomer mono 
hydroxy ethers, hexamethylphosphoric triamide, dimethyl 
sulfoxide and tetramethylurea. One or a combination of two 
or more of these can be used. 

Jun. 21, 2007 

0080. The phosphate esters are not particularly restricted 
but include, among others, phosphoric acid triesters derived 
from phosphoric acid and alcohols containing 1 to 5 carbon 
atoms. As the phosphoric acid triesters, there may be men 
tioned trimethyl phosphate, triethyl phosphate, etc. 

0081. The cyclic amides or cyclic amide derivatives are 
not particularly restricted but include, among others, pyr 
rolidone at least one hydrogenatom of which may optionally 
be substituted by an alkyl group containing 1 to 5 carbon 
atoms. AS Such pyrrolidone, there may be mentioned 2-me 
thylpyrrolidone, among others. 

0082 The above-mentioned imidazolidine or imidazoli 
dine derivatives are not particularly restricted but mention 
may made of imidazolidine at least one hydrogen atom of 
which may optionally be substituted by an alkyl group 
containing 1 to 5 carbon atoms. As such imidazolidine, there 
may be mentioned 3,4-dimethylimidazolidine and the like. 
0083. The above-mentioned ethylene oxide oligomer 
monohydroxy ethers are not particularly restricted but mol 
ecules resulting from ether bonding between a 2 to 10 mole 
adduct of ethylene oxide and one alkyl group containing 1 
to 10 carbon atoms are preferred. The above-mentioned 
number of moles of addition of ethylene oxide is an average 
value for an aggregate of Such ethylene oxide oligomer 
monohydroxy ether molecules as mentioned above. As the 
ethylene oxide oligomer monohydroxy ethers, there may be 
mentioned, for example, diethylene glycol monoalkyl ethers 
and triethylene glycol monoalkyl ethers and, as specific 
examples of such, there may be mentioned diethylene glycol 
momomethyl ether and triethylene glycol monomethyl ether. 
0084. The membrane-shaped moldings, preferably elec 
trolyte membranes, made of the above-mentioned fluo 
ropolymer of the invention also constitute another aspect of 
the present invention. 
0085. The electrolyte membranes may have a membrane 
thickness of 1 to 200 um, for instance. 
0086) The immobilized active substance material of the 
invention comprises the above-mentioned fluoropolymer 
and an active Substance. 

0087. The active substance is not particularly restricted 
but may be any one capable of showing activity in the 
immobilized active substance material. It can be properly 
selected according to the intended use of the immobilized 
active Substance material of the invention; for example, a 
catalyst can be used in certain cases. 
0088. The catalyst is not particularly restricted but any of 
those generally used as electrode catalysts, including, among 
others, metals containing platinum, ruthenium and/or the 
like; and those organic metal complexes generally contain 
ing at least one metal species as the central metal in which 
at least one central metal is platinum or ruthenium. Although 
the metals containing platinum, ruthenium and/or the like 
may be ruthenium-containing metals, for example ruthe 
nium as a simple Substance, platinum-containing metals are 
preferred. The platinum-containing metals are not particu 
larly restricted but mention may be made of, for example, 
platinum as a simple Substance (platinum black); and plati 
num-ruthenium alloys. The catalyst mentioned above is 
generally used in a form carried on a Support such as silica, 
alumina or carbon. 



US 2007/0.142580 A1 

0089. The membrane-electrode assembly (MEA) of the 
invention comprises the immobilized active Substance mate 
rial mentioned above. The membrane-electrode assembly 
may contain another Substance other than the immobilized 
active substance material mentioned above provided that 
said substance will not affect the properties of the immobi 
lized active Substance material. 

0090 The solid polymer electrolyte fuel cell of the inven 
tion comprises the membrane-electrode assembly mentioned 
above. The solid polymer electrolyte fuel cell is not particu 
larly restricted provided that it comprises the membrane 
electrode assembly mentioned above. 
0091. The solid polymer electrolyte fuel cell of the inven 
tion comprises the above-mentioned electrolyte membrane. 
The solid polymer electrolyte fuel cell is not particularly 
restricted provided that it comprises the electrolyte mem 
brane mentioned above. Generally, it may be one comprising 
such solid polymer electrolyte fuel cell constituent elements 
as electrodes. 

0092. Each of the above-mentioned immobilized active 
Substance material, electrolyte membrane and solid polymer 
electrolyte fuel cell is one produced by using a fluoropoly 
mer containing acid/acid salt groups and, preferably, it is one 
obtained by using a fluoropolymer containing acid groups. 

Effects of the Invention 

0093. The method of producing a fluoropolymer of the 
invention, which has the constitution described hereinabove, 
can give fluoropolymers excellent in Stability and improved 
in durability in a simple and easy manner. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

0094. The following examples illustrate the present 
invention more specifically. These examples are, however, 
by no means limitative of the scope of the present invention. 
0.095. In the examples, various measurements were made 
using the following methods. 
1. Functional Group Assaying by IR 
0096. Each polymer sample was heat-pressed at 270° C. 
and 10 MPa for 20 minutes, and the thus-prepared mem 
brane with a thickness of 150 to 200 um was subjected to 
spectrometry using an FT-IR spectroscope. 
2. Stability Testing using Fenton's Reagent 
0097. Each polymer sample was heat-pressed at 270° C. 
and 10 MPa for 20 minutes and then polymer side chain 
terminal groups were converted to Sulfonic acid groups. The 
thus-obtained membrane was used as a membrane for sta 
bility testing. 

0.098 A3 g-section of the membrane for stability testing 
was immersed in a solution prepared by dissolving 1 mg of 
FeSO.7HO in 20 ml of a 30% aqueous solution of hydro 
gen peroxide and placed in a bottle made of a tetrafluoro 
ethylene/perfluoro(alkyl vinyl ether) copolymer, and the 
section was maintained there at 85°C. for 20 hours. Then, 
after cooling to room temperature, the membrane for stabil 
ity testing was taken out, and the fluoride ion concentration 
in the liquid phase was measured using a fluoride ion meter. 
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EXAMPLE 1. 

0099 (1) A 3000-ml stainless steel autoclave equipped 
with a stirrer was charged with 300 g of a 10% aqueous 
solution of CFCOONH and 1170 g of pure water, 
followed by sufficient evacuation and nitrogen substitu 
tion. After sufficient evacuation of the autoclave, tet 
rafluoroethylene TFE gas was introduced into the auto 
clave to a gage pressure of 0.2 MPa, and the temperature 
was raised to 50° C. Thereafter, 100 g of 
CF=CFOCFCFSOF was injected into the autoclave, 
and the pressure was raised to a gage pressure of 0.7 MPa 
by introducing TFE gas. Then, an aqueous solution pre 
pared by dissolving 0.5g of ammonium persulfate APS 
in 60 g of pure water was injected into the autoclave to 
initiate the polymerization. 

0.100 For supplementing that portion of TFE which had 
been consumed in polymerization, TFE was fed continu 
ously so as to maintain the autoclave pressure at 0.7 MPa. 
The polymerization was continued while further feeding 
CF=CFOCFCFSOF continuously in an amount corre 
sponding to a mass ratio of 0.53 relative to the TFE fed. 
0101. At the time of arrival of the amount of TFE fed at 
522 g, the autoclave inside pressure was released and the 
polymerization was thus discontinued. Then, after cooling to 
room temperature, 2450 g of a slightly turbid aqueous 
dispersion containing about 33% by mass of a fluoropolymer 
precursor was obtained. 
0102) A portion of the above-mentioned aqueous disper 
sion was taken and coagulated with nitric acid, and the 
coagulated matter was washed with water and dried and 
subjected to molten-state NMR spectrometry, which 
revealed that the fluorovinyl ether derivative unit content in 
the fluoropolymer precursor was 19 mole percent. 
0.103 (2) A 1200-g portion of the aqueous dispersion 
obtained was coagulated with nitric acid, and the coagul 
lated matter was washed with water, dried at 90° C. for 24 
hours and further dried at 120° C. for 12 hours to give 400 
g of a fluoropolymer powder. 

0.104) The fluoropolymer powder obtained was immersed 
in a 20% (by mass) aqueous Solution of potassium hydroxide 
and maintained in this state at 95° C. for 24 hours for the 
hydrolysis of SOF groups. This powder was collected by 
filtration, sufficiently washed with pure water and then dried 
at 90° C. for 24 hours to give an —SO Na group-containing 
powder. This powder was subjected to heat treatment in an 
electric oven at 300° C. for 1 hour. Samples of the powders 
before and after treatment were pelletized using KBr and 
Subjected to IR spectroscopy. As a result, carboxyl group 
due peaks were observed at about 1776 cm and about 1807 
cm with the powder before treatment, while those peaks 
were not observed with the powder after heat treatment. 
Preparation of a -CFH-Terminated Type Membrane 
0105. Using a simplified membrane molding apparatus 
(product of Imoto Machinery), the fluoropolymer powder 
(not yet Subjected to hydrolysis treatment after drying) 
obtained from the aqueous dispersion was melt-molded at a 
temperature of 270° C. into a 50-um-thick membrane. 
0106 (3) The membrane obtained was immersed in a 
20% (by mass) aqueous solution of potassium hydroxide 
and maintained in that state at 95°C. for 24 hours for the 
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hydrolysis of —SOF groups. Then, the membrane was 
sufficiently washed with pure water until the washings 
became neutral. An —SO Na type membrane was thus 
obtained. 

0107 A part of this membrane was sufficiently dried, and 
four sheets prepared therefrom were piled up and subjected 
to IR spectroscopy, upon which main chain terminal car 
boxyl group-due absorption peaks were observed at about 
1776 cm and about 1807 cm. 

Polymer Chain Terminal Group Assaying 
0108 (4) Then, this membrane was immersed in a 1:1 (by 
mass) mixed solution composed of trimethyl phosphate 
and water for 5 minutes, then placed in a hot air circula 
tion type drier at 190° C. and heat-treated for 1 hour. 

0109 Four sheets prepared from the membrane obtained 
were piled up and Subjected to IR spectroscopy. As a result, 
no carboxyl group-due peaks were observed, and a —CF2H 
group-due peak was observed at about 3010 cm'. 
Stability Testing Using Fenton's Reagent 
0110. The membrane obtained as described above under 
(4) was subjected to stability testing using Fenton's reagent. 
As a result, the fluoride ion concentration was found to be 
6 ppm. 

Polymer Chain Terminal Conversion Rate Determination 
0111. The SO-Na type membrane obtained as 
described above under (3) was placed, together with 5 g of 
water, in a 50-cm pressure vessel and, after tight sealing, 
subjected to heat treatment in an electric oven at 125° C. for 
1 hour. After Sufficient cooling, a sample was taken out and 
dried at 110° C. for 1 hour. Four sheets prepared therefrom 
were piled up and subjected to IR spectroscopy for carboxyl 
group assaying in the same manner as described above under 
0112 (4). Similarly, heat treatments were carried out 
varying the heating temperature to 150° C., 175° C., 200° 
C. or 250° C., each time followed by carboxyl group 
assaying. 

0113. The carboxyl group content before heat treatment 
was determined and found to be 10 mmol/kg. 
0114. The relation between heat treatment temperature 
and polymer chain terminal conversion rate is shown below 
in 

TABLE 1. 

Heat treatment 
temperature C. 

125 150 175 200 250 

Polymer chain terminal conversion O 4 2O 100 100 
rate % 

Preparation of a -CFH-Terminated Fluoropolymer Dis 
persion 
0115 (6) A 100-ml portion of the fluoropolymer precur 
sor dispersion obtained as described above under (1) was 
5-fold diluted with pure water and stirred in a 1000-ml 
beaker, and the SOF groups which the fluoropolymer 
precursor had were hydrolyzed at a temperature of 55° C. 
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while adding, by drops, a 10% (by mass) aqueous solution 
of sodium hydroxide to maintain the pH at 10 or above. 
About 3 hours later, no more pH drop was observed. 
However, the hydrolysis procedure was further continued 
for 2 hours and then terminated. During this process, no 
fluoropolymer precipitation was confirmed by the eye. 

0116 (7) The reaction mixture obtained as described 
above under (6) was subjected to centrifugal ultrafiltration 
using Centriprep YM-10 (product of Amicon) for remov 
ing low-molecular-weight Substances and for fluoropoly 
mer purification and concentration. The thus-obtained 
fluoropolymer dispersion contained 35% by mass of a 
fluoropolymer having stable —SO Na groups. 

0.117 (8) A 100-cc autoclave was charged with 30 g of the 
fluoropolymer dispersion obtained as described above 
under (7) and 15 g of trimethyl phosphate and, after tight 
sealing, the autoclave inside was maintained at 150° C. 
for 2 hours to give a fluoropolymer dispersion composi 
tion for thin membrane molding. 

0118 (9) The fluoropolymer dispersion composition for 
thin membrane molding obtained as described above 
under (8) was placed in an evaporator and heated at 80° 
C. for 3 hours under evacuation. A white solid was 
obtained. This was cold pressed to give a thin membrane, 
which was Subjected to IR spectroscopy. Any carboxyl 
group-due peaks were not observed. 

COMPARATIVE EXAMPLE 1. 

0119) The membrane obtained as described above under 
(3) was subjected to stability testing using Fenton's reagent. 
The fluoride ion concentration was 22 ppm. 

INDUSTRIAL APPLICABILITY 

0.120. The fluoropolymer of the invention can be particu 
larly suitably used in the field of solid polymer electrolyte 
fuel cells and in other fields where stability is required. 

1. A fluoropolymer containing acid/acid salt groups and 
having —CFH groups at polymer chain terminals, 

wherein said acid/acid salt groups are sulfonic acid 
groups, SONR'R, -SONRRRR, SOM, 
L. phosphoric acid groups, PO,(NR'R'R'R''), and/ 
or - POM, in the formula R' represents H or 
ML, R represents H. M.L., an alkyl group or a 
sulfonyl-containing group, R. R. R. R. R. R. R. 
and R'' are the same or different and each represents H 
or an alkyl group containing 1 to 4 carbon atoms, M', 
M, M and M7 are the same or different and each 
represents a metal having a valence of L, said metal 
having a valence of L being a metal belonging to the 
group 1, 2, 4, 8, 11, 12 or 13 of the long-form periodic 
table. 

2. The fluoropolymer according to claim 1, 
said fluoropolymer being one obtained by Subjecting a 

fluoropolymer precursor containing acid/acid salt 
groups and having —CFCOOX groups at polymer 
chain terminals, in the formula X represents H, 
NR'R'R'R' or M. R'', R, R and R'' are the 
same or different and each represents H or an alkyl 
group containing 1 to 4 carbonatoms and M represents 
a metal having a valence of L, said metal having a 
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valence of L being as defined above, to heat treatment 
by which said —CFCOOXgroups can be converted to 
—CFH groups, X being as defined above. 

3. The fluoropolymer according to claim 1, 
wherein said acid/acid salt groups are Sulfonic acid 

groups, -SONRRRR and/or -SOM'?, R. R. 
R. R. and M' being as defined above. 

4. The method of producing the fluoropolymer according 
to claim 1, by Subjecting a fluoropolymer precursor con 
taining acid/acid salt groups and having —CF2COOX 
groups at polymer chain terminals, in the formula X repre 
sents H, NR'R'R'R' or M: R'', R, R and Rare 
the same or different an represents H or an alkyl group 
containing 1 to 4 carbon atoms and M represents a metal 
having a valence of L, said metal having a Valence of L being 
a metal belonging to the group 1, 2, 4, 8, 11, 12 or 13 of the 
long-form periodic table, to heat treatment for the conver 
sion of said —CFCOOX groups to —CFH groups, X 
being as defined above, 

wherein said fluoropolymer precursor is one obtained by 
polymerizing a perhalovinyl ether derivative repre 
sented by the general formula (I): 
CF=CF O-(CFCFY-O) (CFY), SOZ (I) 

wherein Y' represents F. C1 or a perfluoroalkyl group, in 
represents an integer of 0 to 3, the natoms/groups of Y 
are the same or different, Y represents F or Cl, m 
represents an integer of 1 to 5, the m atoms of Y are 
the same or different and Z represents F, Cl, Br, I, 
–OMs, or - ONR'R'R''R'; M represents a 
metal having a Valence of L and the metal having a 
valence of L is as defined above, and R. R. R7 and 
R" are the same or different and each represents Hor 
an alkyl group containing 1 to 4 carbon atoms, 

when the group —SOZ in the general formula (I) is not 
said acid/acid salt group but is a group convertible to 
Such acid/acid salt group, said fluoropolymer precursor 
is one subjected to a conversion treatment, after the 
above-mentioned polymerization, for the conversion of 
said group —SOZ to the above-mentioned acid/acid 
Salt group, and 

said heat treatment comprises heating said fluoropolymer 
precursor at 120 to 400° C. 

5. The method of producing a fluoropolymer according to 
claim 4, 
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wherein the heat treatment comprises heating the fluo 
ropolymer precursor at 120 to 200° C. in the presence 
of water or an organic solvent having compatibility 
with water. 

6. The method of producing a fluoropolymer according to 
claim 5, 

wherein the organic Solvent having compatibility with 
water is an organic liquid having a boiling point 
exceeding 100° C. but not exceeding 300° C. 

7. The method of producing a fluoropolymer according to 
claim 4, 

wherein the fluoropolymer precursor is an at least binary 
copolymer obtained by polymerizing the perhalovinyl 
ether derivative and a monomer copolymerizable with 
said perhalovinyl ether derivative. 

8. The method of producing a fluoropolymer according to 
claim 4, 

wherein Y is F., n is 0 or 1 and m is 2 or 3. 
9. The method of producing a fluoropolymer according to 

claim 4, 
wherein the fluoropolymer precursor constitutes a pow 

der, dispersion, Solution or membrane-shaped molding. 
10. The method of producing a fluoropolymer according 

to claim 9, 
wherein the fluoropolymer precursor constitutes a mem 

brane-shaped molding. 
11. An electrolyte membrane comprising the fluoropoly 

mer according to claim 1. 
12. An immobilized active Substance material comprising 

the fluoropolymer according to claim 1 and an active Sub 
Stance. 

13. The immobilized active substance material according 
to claim 12, wherein the active Substance is a catalyst. 

14. The immobilized active Substance material according 
to claim 13, wherein the catalyst is a platinum-containing 
metal. 

15. A membrane-electrode assembly comprising the 
immobilized active substance material according to claim 
13. 

16. A solid polymer electrolyte fuel cell comprising the 
membrane-electrode assembly according to claim 15. 

17. A solid polymer electrolyte fuel cell comprising the 
electrolyte membrane according to claim 11. 

k k k k k 


